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(57) ABSTRACT

A piston assembling apparatus includes a piston holding
means including a guide tube portion which contains the
piston and guides the piston into the cylinder bore. A guide
tube support portion supports the guide tube portion to be
displaceable in a radial direction thereof. A moving means
moves at least one of the piston holding means and the cyl-
inder block so as to locate them at an insertion preparation
position where the guide tube portion and the cylinder bore
are coaxial with each other. A pressing means presses the
piston contained in the guide tube portion toward the cylinder
block to insert the piston into the cylinder bore in a state in
which the piston holding means and the cylinder block are
located at the insertion preparation position, and the guide
tube portion is supported by the guide tube support portion to
be displaceable in the radial direction thereof.
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1
PISTON ASSEMBLING APPARATUS AND
PISTON ASSEMBLING METHOD

This application is a continuation of International Appli-
cation No. PCT/JP2010/007312 filed on Dec. 16, 2010, the
entire content is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a apparatus and method for
mounting a piston in a cylinder block of an engine.

2. Description of the Related Art

An insertion operation for inserting a piston into a cylinder
bore formed in a cylinder block has to be executed in a state in
which a diameter of a piston ring is reduced. Hence, a method
for temporarily inserting the piston into a dedicated guide
tube portion while the diameter of the piston ring is reduced,
positioning the guide tube portion with the cylinder bore, and
then pushing out the piston from the guide tube portion to
insert it into the cylinder bore has been proposed (PLT 1).

When the positions of the guide tube portion and cylinder
bore have a gap, the piston cannot be satisfactorily inserted
into the cylinder bore. Hence, with the method described in
PLT 1, the guide tube portion and cylinder bore are tempo-
rarily positioned by moving the guide tube portion or cylinder
block. Then, using a chuck which contacts inner circumfer-
ential surfaces of the guide tube portion and cylinder bore, the
guide tube portion and cylinder bore are coaxially positioned
(centering). In this state, by pressing the guide tube portion
against the upper surface of the cylinder block, the guide tube
portion is fixed, and the piston is then inserted into the cylin-
der bore.

CITATION LIST
Patent Literature
PLT 1: Japanese Patent [Laid-Open No. 2003-266255
SUMMARY OF THE INVENTION
Technical Problem

However, since the method described in PLT 1 require
processes of three stages, that is, tentative positioning, cen-
tering, and fixing of the guide tube portion, a tact time is
prolonged. Also, the device arrangement is complicated.

An object of the present invention is to execute an insertion
operation of a piston for a shorter period of time by a simpler
arrangement.

Solution to Problem

According to the present invention, there is provided a
piston assembling apparatus for inserting a piston into a cyl-
inder bore formed in a cylinder block, comprising: piston
holding means comprising a guide tube portion which con-
tains the piston and guides the piston into the cylinder bore,
and a guide tube support portion which supports the guide
tube portion to be displaceable in a radial direction thereof;,
moving means for moving at least one of the piston holding
means and the cylinder block so as to locate the piston holding
means and the cylinder block at an insertion preparation
position which is set in advance as a position where the guide
tube portion and the cylinder bore are coaxial with each other;
and pressing means for pressing the piston contained in the
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2

guide tube portion toward the cylinder block to insert the
piston into the cylinder bore in a state in which the piston
holding means and the cylinder block are located at the inser-
tion preparation position, and the guide tube portion is sup-
ported by the guide tube support portion to be displaceable in
the radial direction thereof.

Also, according to the present invention, there is provided
a piston assembling method for inserting a piston into a cyl-
inder bore formed in a cylinder block, comprising: a contain-
ing step of containing the piston in a guide tube portion of
piston holding means comprising the guide tube portion
which contains the piston and guides the piston into the cyl-
inder bore, and a guide tube support portion which supports
the guide tube portion to be displaceable in a radial direction
thereof; a moving step of moving at least one of the piston
holding means and the cylinder block so as to locate the piston
holding means and the cylinder block at an insertion prepa-
ration position which is set in advance as a position where the
guide tube portion and the cylinder bore are coaxial with each
other; and a pressing step of pressing the piston contained in
the guide tube portion toward the cylinder block to insert the
piston into the cylinder bore in a state in which the piston
holding means and the cylinder block are located at the inser-
tion preparation position, and the guide tube portion is sup-
ported by the guide tube support portion to be displaceable in
the radial direction thereof.

Advantageous Effects of Invention

According to the present invention, a piston insertion
operation can be performed by a simpler arrangement for a
shorter period of time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic front view of a piston assembling
apparatus A according to one embodiment of the present
invention;

FIG. 2 is a schematic side view of the piston assembling
apparatus A;

FIG. 3 is a partial sectional view of a guide tube support
portion 12 taken along a line I-] in FIG. 1 and an explanatory
view of a robot 5;

FIG. 4 is a perspective view showing principal components
of a piston holding unit 10;

FIG. 5 is a partial sectional view of the vicinity of a rod
member 123 taken along a line II-1I in FIG. 3;

FIG. 6 is an operation explanatory view of the piston
assembling apparatus A;

FIG. 7 is an operation explanatory view of the piston
assembling apparatus A;

FIG. 8 is an operation explanatory view of the piston
assembling apparatus A;

FIG. 9 is an operation explanatory view of the piston
assembling apparatus A;

FIG. 10 is an operation explanatory view of the piston
assembling apparatus A;

FIG. 11 is an operation explanatory view of the piston
assembling apparatus A;

FIG. 12 is an explanatory view of an automatic alignment
function;

FIG. 13 is an explanatory view of the automatic alignment
function; and

FIG. 14 is an explanatory view of the automatic alignment
function.

DESCRIPTION OF THE EMBODIMENTS

FIG. 1 is a schematic front view of a piston assembling
apparatus A according to one embodiment of the present
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invention, and FIG. 2 is a schematic side view of the piston
assembling apparatus A. In FIGS. 1 and 2, and other figures,
Z indicates a vertical direction, and X and Y indicate horizon-
tal directions which are orthogonal to each other. The piston
assembling apparatus A is a device for inserting pistons 1
mounted with connecting rods 3 into cylinder bores CB1 to
CB4 formed in a cylinder block 2. This embodiment assumes
a case in which the cylinder block 2 is that of an in-line
4-cylinder engine, but it is applicable to other engines having
different cylinder layouts and the numbers of cylinders.

The assembling apparatus A includes a frame F, which
supports respective elements. In FIG. 1, the frame F is illus-
trated by a simple method. The piston assembling apparatus A
includes a piston holding unit 10, a pressing unit 20, a moving
device 30 for moving the piston holding unit 10, a moving
device 40 for moving the cylinder block 2, and a robot 5 for
conveying and mounting the pistons 1 to and in the piston
holding unit 10.

Note that as will be described later, in case of this embodi-
ment, both the piston holding unit 10 and cylinder block 2 are
moved by the moving devices 30 and 40 to be located at
insertion preparation positions, which are set in advance as
positions where guide tube portions 11 of the piston holding
unit 10 are coaxial with the cylinder bores CB1 to CB4.
However, at least one of the piston holding unit 10 and cyl-
inder block 2 need only be moved.

<Piston Holding Unit 10>

The piston holding unit 10 will be described below with
reference to FIGS. 1 to 5. FIG. 3 is a partial sectional view of
a guide tube support portion 12 taken along a line I-1 in FIG.
1, and an explanatory view of the robot 5, F1G. 4 is a perspec-
tive view of principal components of the piston holding unit
10, and FIG. 5 is a partial sectional view of the vicinity of a
rod member 123 taken along a line II-II in FIG. 3.

The piston holding unit 10 includes a guide tube portion 11
which contains the piston 1 and guides it into the cylinder
bore, and a guide tube support portion 12 which supports the
guide tube portion 11 to be displaceable in its radial direction.
In this embodiment, the piston holding unit 10 includes a
plurality of (two) guide tube portions 11, and can nearly
simultaneously perform insertion operations of a plurality of
(two) pistons 1. Especially, in this embodiment, two guide
tube portions 11 are supported in correspondence with a
separation distance between the cylinder bores CB1 and CB3
(that between CB2 and CB4).

Each guide tube portion 11 integrally includes a tube por-
tion 111 and attachment portion 112. An inner diameter of a
lower end portion of the tube portion 111 is set to have nearly
the same value as an outer diameter of the piston 1 (except for
the piston ring R) (the inner diameter of the lower end
portion>the outer diameter of the piston 1), and notches 111a
are intermittently formed in the circumferential direction. As
shown in FIG. 3, the piston 1 is contained in the tube portion
111 in a state in which the diameter of the piston ring R is
reduced by pawls 5a of the robot 5. The notches 111a are
formed to avoid the pawls 5a and tube portion 111 from
interfering with each other. An inner circumferential surface
of an upper portion of the tube portion 111 is tapered, so that
its diameter is gradually increased upward. This tapered por-
tion allows the robot 5 to smoothly contain the piston 1 into
the tube portion 111. The tapered surface of the inner circum-
ferential surface of the upper portion of the tube portion 111
may have a conical shape, a diameter of which is increased
linearly, or a convex surface shape, a curvature of which
changes continuously. In the attachment portion 112, attach-
ment holes 112a (see FIG. 4) are formed.
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As shown in FIG. 4, the guide tube support portion 12
includes a support plate 120 which extends in the vertical
direction, an upper portion member 121 which is formed
integrally with the support plate 120 and extends horizontally
from the support plate 120, and lower portion members 122
for respective guide tube portions 11. The upper portion
member 121 is formed with two notches 1214, each of which
forms alayout space of the guide tube portion 11, in its middle
portion, and forms a nearly H shape in a planar view.

Each lower portion member 122 has attachment portions
1221, and a support portion 1222 between these portions. The
support portion 1222 is a portion where the guide tube portion
11 is fixed. The support portion 1222 includes an opening
12225 in which the lower portion of the tube portion 111 is
inserted, and threaded holes 1222a. The guide tube portion 11
is fixed to the lower portion member 1222 when bolts 113 are
fastened to the threaded holes 12224 via the attachment holes
112a, as shown in FIG. 3. By detaching the bolts 113, the
guide tube portion 11 can be detached from the lower portion
member 122.

Each guide tube portion 11 may be integrally formed with
the lower portion member 122. However, in this embodiment,
since the guide tube portion 11 is detachably fixed to the guide
tube support portion 12, as described above, it can be
exchanged. For this reason, a case in which the guide tube
portion 11 which has been worn by repetitive operations is
required to be updated or a case in which an insertion opera-
tion of the piston 1 having different specifications is to be
made can be coped with by exchanging only the guide tube
portion 11.

Referring to FIGS. 3 and 5, each lower portion member 122
is suspended from the upper portion member 121 via rod
members 123. Four rod members 123 are used per one lower
portion member 122. Each rod member 123 has a head por-
tion 123a, a shaft portion 1235 having a diameter Dr, and a
threaded portion 1234' which is formed on a lower end por-
tion of the shaft portion 1235 and has a diameter smaller than
the diameter Dr. The lower portion member 122 includes
attachment holes 12214, through which the threaded portions
1234' are inserted, in its support portion 1222, and is fixed to
the rod members 123 by fastening nuts 124 to the threaded
portions 1245,

The upper portion member 121 has hole portions 1215
through which the shaft portions 1235 are inserted. In case of
this embodiment, each hole portion 1215 is formed of a tube
member (for example, a bush) 121¢ which is different from a
member that forms the upper portion member 122, and the
tube member 121c¢ is fixed to the upper portion member 121.
Eachhole portion 1215 may be directly formed in the member
which forms the upper portion member 121, but it is prefer-
ably smooth and has a high wear resistance since the shaft
portion 1235 moves vertically. For this reason, this embodi-
ment uses the tube member 121¢ (for example, a metal mem-
ber) of a different member, which is excellent in such nature.

An inner diameter of each hole portion 1215 is Dh, and has
a relation Dh>Dr with respect to the outer diameter Dr of the
shaft portion 1235. For this reason, the shaft portions 1235
and the upper portion member 121 are not fixed to each other,
and the shaft portions 1235 are vertically movable in the hole
portions 1215. For this reason, the lower portion member 122
is relatively displaceable in a Z direction with respect to the
upper portion member 121. Elastic members 125, which bias
the upper portion member 121 and lower portion member 122
in a direction in which they are separated from each other, are
arranged between the upper portion member 121 and lower
portion member 122. In case of this embodiment, each elastic
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member 125 is a coil spring, and the shaft portion 1235 is
inserted through the elastic member 125.

Furthermore, since the inner diameter Dh of each hole
portion 1215 and the outer diameter Dr of the shaft portion
1234 have the relation Dh>Dr, the lower portion member 122
is horizontally displaceable with respect to the upper portion
member 121 within a range of a difference: Dh—-Dr. There-
fore, the guide tube portion 11 fixed to the lower portion
member 122 is supported by the guide tube support portion 12
to be displaceable in its radial direction (an arbitrary direction
in the horizontal direction). Since the guide tube portion 11 is
displaceable in its radial direction, when the piston 1 is
inserted into the cylinder bore, and the piston 1 and the
cylinder bore are decentered from each other, the guide tube
portion 11 can displace together with the piston 1, thus attain-
ing automatic alignment (centering), as will be described
later.

Note that in this embodiment, the upper portion member
121 and rod members 123 are not fixed to each other so as to
allow the guide tube portion 11 to be displaceable in its radial
direction. Alternatively, the lower portion member 122 and
rod members 123 may not be fixed to each other. Further-
more, both the upper portion member 121 and lower portion
member 122 may not be fixed to the rod members 123. When
the lower portion member 122 and rod members 123 are not
fixed to each other, it is preferable to form a hole portion
having a diameter larger than each shaft portion 12356 of the
rod member 123 using the same tube member as the tube
member 121c¢ as in the upper portion member 121.

Each tube member 121¢ may be an elastic member such as
rubber. In this case, even when the inner diameter Dh of each
hole portion 1215 and the outer diameter Dr of the shaft
portion 1235 have a relation Dh=Dr, the upper portion mem-
ber 121 and lower portion member 122 can be relatively
displaceable in the horizontal direction due to elastic defor-
mation of the elastic member. Therefore, the guide tube por-
tion 11 is displaceable in its radial direction.

Furthermore, this embodiment adopts a structure using the
rod members 123 as a structure in which the guide tube
portion 11 is displaceable in its radial direction. However, the
present invention is not limited to such specific structure. For
example, another structure such as a structure in which the
upper portion member 121 and lower portion member 122 are
coupled using elastic members such as rubber may be
adopted.

<Pressing Unit 20>

Referring to FIGS. 1 and 2, the pressing unit 20 includes
two sets of pressing rods 21 which extend in the Z direction,
sliders 22 which support the pressing rods 21, and guide
members 23 which engage with the sliders 22 to guide move-
ments of the sliders 22 in the Z direction, and extend in the Z
direction, in correspondence with the number of (two) guide
tube portions 11. A pressing portion 21a, which contacts an
upper surface of the piston 1 to be inserted into the cylinder
bore and presses the piston 1, is formed on the lower end
portion of each pressing rod 21.

A pressing surface of each pressing portion 21a has a
circular shape, and its diameter is sufficiently smaller than an
inner diameter of a lower end portion of the tube portion 111
and the outer diameter of the piston 1. This is to continue to
press the pistons 1 even when the pistons 1 and guide tube
portions 11 are displaced in the horizontal direction upon
inserting the pistons 1 into the respective cylinder bores CB1
to CB4, as will be described later.

The pressing unit 20 includes a driving device (not shown)
used to move the sliders 22 in the Z direction. With this
driving device, each slider 22 and pressing rod 21 integrally
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move between an upper escaped position and a lower inser-
tion position (a position where the piston 1 is inserted into the
cylinder bore). As this driving device, for example, a rack-
pinion mechanism having a motor as a driving source can be
adopted.

The two guide members 23 are fixed to a support plate 24.
The support plate 24 is movable in an X direction by slide
mechanisms 25. Thus, the position of each pressing rod 21 in
the X direction can be changed. Each slide mechanism 25
includes a slider 25a arranged on a back surface (a left side
surface in FIG. 2) of the support plate 24, and a guide member
25b which is supported by the frame F and extends in the X
direction. The slider 25a engages with the guide member 255
to guide its movement in the X direction.

The pressing unit 20 includes a driving device (not shown)
used to move the support plate 24 in the X direction. With this
driving device, the support plate 24 moves between a first
position where the two pressing rods 21 are located above the
cylinder bores CB1 and CB2 (a position for the cylinder bores
CB1 and CB3) and a second position where the two pressing
rods 21 are located above the cylinder bores CB2 and CB4 (a
position for the cylinder bores CB2 and CB4). As this driving
device, for example, a ball screw mechanism having a motor
as a driving source can be adopted. When the ball screw
mechanism is adopted, a nut is arranged on the back surface
side (or upper surface) of the support plate 24, and is thread-
ably engaged with a ball screw.

<Moving Device 30>

Referring to FIGS. 1 and 2, the moving device 30 includes
asupport plate 31. A slide mechanism 33 is arranged between
the support plate 31 and the support plate 120 of the piston
holding unit 10 to allow the piston holding unit 10 to be
movable in the Z direction. The slide mechanism 33 includes
a guide member 33« which is arranged on a back surface of
the support plate 120 and extends in the Z direction, and
sliders 335 which are arranged on a front surface of the
support plate 31. The sliders 335 engage with the guide mem-
ber 33a. In this case, the sliders 335 are fixed, and the guide
member 33a is slidably moved with respect to the sliders 335.

On the support plate 31, a driving unit 32 used to lift the
piston holding unit 10 in the Z direction is arranged. The
driving unit 32 includes, for example, an air cylinder as its
driving mechanism. A cylinder piston of the driving unit 32 is
connected to the support plate 120, and is expanded and
contracted in the Z direction to move the support plate 120
between the upper escaped position and the lower insertion
preparation position. FIGS. 1 and 2 illustrate a state in which
the piston holding unit 10 is located at the insertion prepara-
tion position.

Slide mechanisms 34 are arranged between the support
plate 31 and frame F to allow the support plate 31 to be
movable in the X direction. As a result, the piston holding unit
10 is also movable in the X direction. Each slide mechanism
34 includes a slider 344 arranged on the back surface of the
support plate 31, and a guide member 34a which is supported
by the frame F and extends in the X direction, and the slider
34a engages with the guide member 345 to be movably
guided in the X direction.

The moving device 30 includes a driving unit 35, which is
supported by the frame F, and moves the support plate 31 in
the X direction. The driving unit 35 includes, for example, an
air cylinder as its driving mechanism. As a result of move-
ment of the support plate 31 by the driving unit 35, the piston
holding unit 10 moves in the X direction. The driving unit 35
moves the piston holding unit 10 between a position where
the two guide tube portions 11 are located above the cylinder
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bores CB1 and CB3 and that where the two guide tube por-
tions are located above the cylinder bores CB2 and CB4.
<Moving Device 40>

Referring to FIGS. 1 and 2, the moving device 40 includes
a pair of roller conveyors 41 which extend in the X direction,
and are spaced apart in a Y direction. The cylinder block 2
mounted on a pallet 4 is conveyed by the pair of roller con-
veyors 41 in the X direction while facing up the upper surface
on which a cylinder head (not shown) is attached.

Between the pair of roller conveyors 41, a stop unit 43,
which includes a movable portion 43a to be advanced/re-
tracted vertically, and stops the cylinder block 2 at a position
below the insertion preparation position, is arranged. The stop
unit 43 includes, for example, an air driving type stopper as a
driving mechanism. When the movable portion 43« is located
at an advanced position, it contacts the pallet 4 to stop move-
ment of the pallet 4. When the movable portion 43a is located
at a retracted position, since it does not contact the pallet 4,
movement of the pallet 4 is continued.

The moving device 40 includes a lifting device 42 laid out
between the pair of roller conveyors 41. The lifting device 42
is a device used to lift a lifting table 424, and includes, for
example, an air cylinder as its driving mechanism. The lifting
device 42 moves the cylinder block 2 which is placed on the
lifting table 42a upward to the insertion preparation position,
and maintains that state until completion of the insertion
operations of the pistons 1.

Positioning pins 425 are arranged on an upper surface of
the lifting table 42a, and are fitted into holes (not shown)
formed in a lower surface of the pallet 4, thus positioning the
lifting table 42a and pallet 4 (and cylinder block 2).

Positioning members 44 are supported by the frame F in the
vicinity of an insertion operation area of the pistons 1, and
include positioning pins 44a. When the lifting device 42
moves the cylinder block 2 upward, the positioning pins 44a
are fitted into holes (not shown) formed in an upper surface of
the cylinder block 2, thus positioning the cylinder block 2 to
the insertion preparation position.

By finally positioning the cylinder block 2 to the insertion
preparation position by the positioning pins 44a, a position-
ing operation between the lifting table 42a and pallet 4 (and
cylinder block 2) by the positioning pins 426 and a stop
operation of the pallet (and cylinder block 2) by the stop unit
43 suffice to have relatively low precision.

<Operation Example>

An operation example of the piston assembling apparatus
A willbe described below. The piston assembling apparatus A
automatically performs insertion operations of the pistons 1
into the cylinder bores CB1 to CB4 under the control of a
control device (not shown). A moving operation of the cylin-
der block 2 to the insertion preparation position will be
described first with reference to FIG. 6.

A state S1 in FIG. 6 shows a state in which the stop unit 43
stops the cylinder block 2 conveyed by the roller conveyors
41. At this time, the roller conveyors 41 are set in an idle
rotation state. Subsequently, as shown in a state S2, the lifting
device 42 is activated to position the pallet 4 by the position-
ing pins 425 of the lifting table 42a. After that, the lifting table
42a is further moved upward to separate the pallet 4 from the
roller conveyors 41. Then, the lifting table 42a is moved
upward to move upward the cylinder block 2 for each pallet 4,
and the cylinder block 2 is positioned by the positioning pins
44a. Thus, the cylinder block 2 is located at the insertion
preparation position.

Insertion operations of the pistons 1 will be described
below with reference to FIGS. 7 to 9. In this embodiment, the
pistons 1 are inserted into the cylinder bores CB1 and CB3
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first. For this purpose, as shown in FIG. 7, the piston holding
unit 10 located at the retracted position and the pressing rods
21 located at the retracted positions are respectively moved to
the first positions. The piston holding unit 10 is moved using
the driving unit 35 of the moving device 30.

Subsequently, as shown in FIG. 8, the piston holding unit
10 located at the retracted position is moved downward by the
driving unit 32 of the driving device 30 to be moved to the
insertion preparation position. Thus, the lower ends of the
guide tube portions 11 are brought into contact with the upper
surface of the cylinder block 2. After this contact, the robot 5
inserts the pistons 1 into the guide tube portions 11 of the
piston holding unit 10, so that the guide tube portions 11
contain the pistons 1.

A state S11 shown in FIG. 11 shows a state around each
guide tube portion 11 at this time. By elastic forces of the
elastic members 125, the guide tube portion 11 is set in a state
in which its lower end slightly presses and is brought into
tight contact with the upper surface ofthe cylinder block 2. As
described above, since the rod members 123 and upper por-
tion member 121 are not fixed, the head portions 123a are
slightly spaced apart from the upper surface of the upper
portion member 121. Since the rod members 123 are dis-
placeable in the Z direction with respect to the upper portion
member 121, and the elastic members 125 are arranged, posi-
tioning in the Z direction required to locate the piston holding
unit 10 at the insertion preparation position does not require
any strict precision in an operation amount of the driving unit
32.

Subsequently, as shown in FIG. 9, the pressing rods 21 are
moved downward from the retracted position to the insertion
position. A state S12 shown in FIG. 11 indicates a state
around each guide tube portion 11 at this time. Since the
pressing portion 21a of the pressing rod 21 presses the piston
1 downward, the piston 1 is inserted into the cylinder bore
(CB1in FIG. 11). Thus, the insertion operations of the pistons
1 into the cylinder bores CB1 and CB3 are complete.

Subsequently, insertion operations of the pistons 1 into the
cylinder bores CB2 and CB4 are started. Initially, the pressing
rods 21 are returned to the retracted position, and the piston
holding unit 10 is returned to the retracted position. Further-
more, the piston holding unit 10 and pressing rods 21 are
respectively moved to the second positions (FIG. 10). After
completion of movement, the piston holding unit 10 is moved
downward, so that the lower ends of the guide tube portions
11 are brought into contact with the upper surface of the
cylinder block 2. After that, the robot 5 controls the pistons 1
to be contained in the guide tube portions 11 of the piston
holding unit 10. Then, the insertion operations are performed
in the same manner as those of the pistons 1 into the cylinder
bores CB1 and CB3, thus also completing the insertion opera-
tions of the pistons 1 into the cylinder bores CB2 and CB4.

Note that in this embodiment, upon switching the pair of
cylinder bores CB1 and CB3 and that of cylinder bores CB2
and CB4, the pressing rods 21 and piston holding unit 10 are
moved in the X direction. Alternatively, the cylinder block 2
may be moved in the X direction.

Also, upon insertion of the pistons 1 into the cylinder bores
CB1 to CB4, it is preferable to minutely vibrate the pistons 1.
By minutely vibrating the pistons 1, the pistons 1 can be
inserted into the cylinder bores more stably. A vibrating
device required to minutely vibrate the pistons 1 may be
included in, for example, the pressing unit 20, so that vibra-
tions generated by the vibrating device are transferred to the
pistons 1 via the pressing rods 21. A frequency of minute
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vibrations is desirably low in terms of prevention of reso-
nances between the cylinder block 2 and pistons 1, and is, for
example, 130 Hz or lower.

<Automatic Alignment (Centering) Function>

Movement of the piston holding unit 10 to the insertion
preparation position by the moving device 30 and that of the
cylinder block 2 to the insertion preparation position by the
moving device 40 correspond to movement control to the
prescribed positions by means of coordinate management,
and to tentative positioning. That is, the guide tube portions
11 and cylinder bore are not coaxial with each other in prac-
tice depending on the precision of the system, and position
gaps may be generated. Also, position gaps may often be
generated due to the precision of components and cluttering
between components.

On the other hand, an upper end edge of each cylinder bore,
and a lower end edge of a skirt portion of each piston are
always chamfered. Thus, in this embodiment, each guide tube
portion 11 is configured to be displaceable in its radial direc-
tion, and the guide tube portion 11 and cylinder bore are
automatically aligned using these chamfered portions. This
automatic alignment function will be described below with
reference to FIGS. 12 to 14.

FIG. 12 shows a state in which when the piston holding unit
10 and the cylinder block 2 are located at the insertion prepa-
ration position, a center (that of the piston 1) Cp of the guide
tube portion 11 and a center CL of the cylinder bore CB1 are
shifted from each other. The lower end edge of the skirt
portion of the piston 1 is formed with a chambered portion 1a,
and the upper end edge of the cylinder bore CB1 is formed
with a chambered portion 2a. Note that respective figures
exaggeratingly illustrate the chambered portions 1a and 2a
for the sake of easy understanding. Actual widths Wp and Wb
in a radial direction are, for example, about 0.2 to 0.3 mm or
less although they depend on the precisions of the piston and
cylinder bore.

In the state shown in FIG. 12, when the piston 1 is pushed
down without any displacement in the horizontal direction, it
cannot be inserted into the cylinder bore CB1. However, as
described above, in this embodiment, the guide tube portion
11 is displaceable in its radial direction (horizontal direction)
together with the lower portion member 122. As shown in
FIG. 13, when the pressing portion 21a of the pressing rod 21
presses the piston 1, the chamfered portions 1a and 2a are
brought into contact with each other.

After that, when the pressing portion 21a continues to press
the piston 1, the chambered portion 1a slides along the cham-
bered portion 2a. At this time, the piston 1 is slidably moved
in a direction (that of an arrow F) to be coaxial with the
cylinder bore CB1, and the guide tube portion 11 (and lower
portion member 122) is also displaced in the direction to be
coaxial with the cylinder bore CB1 to follow the slidable
movement of the piston 1. That is, the piston 1 and guide tube
portion 11 (and lower portion member 11) are integrally
displaced to automatically align the center (that of the piston
1) Cp of the guide tube portion 11 and the center CL of the
cylinder bore CB1 (FIG. 14). After this automatic alignment,
the pressing portion 21a continues to press the piston 1 into
the cylinder bore CB1 until the piston 1 is completely inserted
into the cylinder bore CB1, thus completing the insertion
operation.

As described above, in this embodiment, since the auto-
matic alignment is executed using the chamfered portion of
the upper end edge of the cylinder bore and that of the lower
end edge of the skirt portion of the piston, no alignment
operation between the guide tube portion 11 and cylinder bore
after tentative positioning is required. Therefore, the piston
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insertion operation can be performed within a shorter period
of'time. In addition, the automatic alignment function can be
realized by a simple arrangement in which the guide tube
portion 11 is displaceable in its radial direction.

According to the method of this embodiment, the center
(that of the piston 1) Cp of the guide tube portion 11 and the
center CL of the cylinder bore can be automatically aligned
within an overlapping range between the chambered portions
1a and 15. Therefore, the tentative positioning suffices to have
precision within the overlapping range between the cham-
bered portions 1a and 2a. A shift amount W which can be
automatically aligned is less than a sum of the widths Wp and
Wb of the chambered portions 1a and 2a in the radial direc-
tion (W<Wp+Wb). Hence, a displaceable range L of the
guide tube portion 11 suffices to meet L<Wp+Wb, and
Dh-Dr<Wb+W?p in terms of the relation between the inner
diameter Dh of the hole portion 1215 and the outer diameter
Dr of the shaft portion 1235. By setting the range L or the
inner diameter Dh and outer diameter Dr, the guide tube
portion 11 need not be displaced beyond the necessity.

The present invention is not limited to the above described
embodiments, and various changes and variations are pos-
sible without deviating from the essence and the scope of the
present invention. Accordingly, the following claims are
attached in order to make public the scope of the present
invention.

What is claimed is:

1. An assembling apparatus for inserting a piston into a
cylinder bore formed in a cylinder block, comprising:

piston holding means comprising a guide tube portion

which contains the piston and guides the piston into the
cylinder bore, and a support portion which supports said
guide tube portion to be displaceable in a radial direction
thereof;

moving means for moving said piston holding means and

the cylinder block so as to locate said piston holding
means and the cylinder block at an insertion preparation
position which is set in advance and which is where said
guide tube portion and the cylinder bore are coaxial with
each other; and

pressing means for pressing the piston contained in said

guide tube portion toward the cylinder block to insert the
piston into the cylinder bore in a state in which said
piston holding means and the cylinder block are located
at the insertion preparation position, and said guide tube
portion is supported by said support portion to be dis-
placeable in the radial direction thereof,

wherein said support portion comprises:

an upper portion member; and

a lower portion member which is supported to be displace-

able against the upper portion member in the radial
direction and to which said guide tube portion is fixed,
and

said assembling apparatus further comprises biasing mem-

bers which are arranged between said upper portion
member and said lower portion member so as to displace
said lower portion member against said upper portion
member in an inserting direction of the piston.

2. The assembling apparatus according to claim 1, wherein
said guide tube portion is detachably fixed to said support
portion.

3. The assembling apparatus according to claim 1, wherein
said piston holding means comprises a plurality of said guide
tube portions, and

said pressing means comprises a pressing portion for press-

ing the piston for each of said guide tube portions.
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4. An assembling apparatus for inserting a piston into a
cylinder bore formed in a cylinder block, comprising:

piston holding means comprising a guide tube portion

which contains the piston and guides the piston into the
cylinder bore, and a support portion which supports said
guide tube portion to be displaceable in a radial direction
thereof;

moving means for moving said piston holding means and

the cylinder block so as to locate said piston holding
means and the cylinder block at an insertion preparation
position which is set in advance and which is where said
guide tube portion and the cylinder bore are coaxial with
each other; and

pressing means for pressing the piston contained in said

guide tube portion toward the cylinder block to insert the
piston into the cylinder bore in a state in which said
piston holding means and the cylinder block are located
at the insertion preparation position, and said guide tube
portion is supported by said support portion to be dis-
placeable in the radial direction thereof,

wherein said guide tube portion is displaceable within a

range of a length smaller than a sum of'a width in a radial
direction of a chamfered portion formed on an upper end
edge of the cylinder bore and a width in a radial direction
of'a chambered portion formed on a lower end edge of a
skirt portion of the piston.

5. The assembling apparatus according to claim 4, wherein
said guide tube portion is detachably fixed to said support
portion.

6. The assembling apparatus according to claim 4, wherein
said piston holding means comprises a plurality of said guide
tube portions, and

said pressing means comprises a pressing portion for press-

ing the piston for each of said guide tube portions.

7. An assembling apparatus for inserting a piston into a
cylinder bore formed in a cylinder block, comprising:

piston holding means comprising a guide tube portion

which contains the piston and guides the piston into the
cylinder bore, and a support portion which supports said
guide tube portion to be displaceable in a radial direction
thereof;

moving means for moving said piston holding means and

the cylinder block so as to locate said piston holding
means and the cylinder block at an insertion preparation
position which is set in advance and which is where said
guide tube portion and the cylinder bore are coaxial with
each other; and

pressing means for pressing the piston contained in said

guide tube portion toward the cylinder block to insert the
piston into the cylinder bore in a state in which said
piston holding means and the cylinder block are located
at the insertion preparation position, and said guide tube
portion is supported by said support portion to be dis-
placeable in the radial direction thereof,

wherein said support portion comprises:

an upper portion member; and

a lower portion member which is suspended from said

upper portion member via rod members and to which
said guide tube portion is attached,
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at least one of said upper portion member and said lower
portion member comprises hole portions through which
the rod members are inserted and which have a diameter
larger than the rod members, and

said guide tube portion is displaceable in the radial direc-
tion within a range of a difference between diameters of
the rod member and the hole portions.

8. The assembling apparatus according to claim 7, wherein
at least one of said upper portion member and said lower
portion member comprises tube members which form the
hole portions.

9. The assembling apparatus according to claim 7, wherein
elastic members for biasing said upper portion member and
said lower portion member in a direction to be separated from
each other are arranged between said upper portion member
and said lower portion member.

10. The assembling apparatus according to claim 7,
wherein said guide tube portion is detachably fixed to said
support portion.

11. The assembling apparatus according to claim 7,
wherein said piston holding means comprises a plurality of
said guide tube portions, and

said pressing means comprises a pressing portion for press-
ing the piston for each of said guide tube portions.

12. An assembling method of inserting a piston into a

cylinder bore formed in a cylinder block, comprising:

a containing step of containing the piston in a guide tube
portion of piston holding means comprising the guide
tube portion which contains the piston and guides the
piston into the cylinder bore, and comprising a support
portion which supports the guide tube portion to be
displaceable in a radial direction thereof;

a moving step of moving at least one of the piston holding
means and the cylinder block so as to locate the piston
holding means and the cylinder block at an insertion
preparation position which is set in advance and which is
where the guide tube portion and the cylinder bore are
coaxial with each other; and

apressing step of pressing the piston contained in the guide
tube portion toward the cylinder block to insert the pis-
ton into the cylinder bore in a state in which the piston
holding means and the cylinder block are located at the
insertion preparation position, and the guide tube por-
tion is supported by the support portion to be displace-
able in the radial direction thereof,

wherein the pressing step further comprises:

an alignment step of aligning a center of the piston with
respect to a center of the cylinder bore since a chamfered
portion formed at a lower end edge of a skirt portion of
the piston slides along a chamfered portion formed at an
upper end edge of the cylinder bore upon pressing of the
piston when the piston holding means and the cylinder
block are located at the insertion preparation position,
and the center of the piston is shifted from the center of
the cylinder bore.

13. The assembling method according to claim 12, wherein

the pressing step further comprises:

a pushing step of pushing the piston aligned in the align-
ment step into the cylinder bore.
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